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(57) ABSTRACT 
A data driver includes two data processing circuits for respec 
tively providing positive and negative pixel Voltages accord 
ing to first and second pixel data, and a multiplexer circuit 
including multiplexer units. Each multiplexer unit has first 
and second input terminals respectively receiving the positive 
and negative pixel Voltages, and an output terminal coupled to 
a data line. A first Switching device has first and second 
switches serially coupled between the first input and output 
terminals. A node between the first and second switches is 
selectively grounded via a third Switch. A second Switching 
device has fourth and fifth switches serially coupled between 
the second input and output terminals. A node between the 
fourth and fifth switches is selectively grounded via a sixth 
switch. When the first and second switches turn on, the sixth 
switch turns on. When the fourth and fifth switches turn on, 
the third switch turns on. 

16 Claims, 6 Drawing Sheets 
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DATA DRIVER INCLUDING AFRONT STAGE 
AND POST STAGE LEVEL, SHIFTER 

This application is a divisional application of co-pending 
U.S. application Ser. No. 12/232,344, filed Sep. 16, 2008, 
which claims the benefit of Taiwan application Serial No. 
97.123913, filed Jun. 26, 2008. The contents of these applica 
tions are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates in general to a driver, and more par 

ticularly to a data driver. 
2. Description of the Related Art 
In order to prevent the physical properties of the liquid 

crystal molecules from being damaged in the method of driv 
ing a liquid crystal display, Voltages with different polarities 
have to be alternately applied to drive the liquid crystal mol 
ecules. In the driving method using the fixed common Volt 
age, a data driver properly drives the liquid crystal molecules 
by converting the polarities of the Voltages outputted there 
from. 

Conventionally, when the data driver is driving the liquid 
crystal molecules, the levels of the driving Voltages range 
from about -6 volts to 6 volts. At this time, the maximum 
crossover voltage to be withstood by circuit elements used in 
the data driver may be equal to 12 volts (-6 to 6 volts). In order 
to withstand the crossover voltage of 12 volts during the 
process of driving the liquid crystal display, the circuit ele 
ments capable of withstanding high Voltages have to be used 
in the data driver. However, the data driver using the circuit 
elements capable of withstanding the high Voltages disadvan 
tageously has the too-large size and the high cost. Therefore, 
it is an important Subject in the industry to reduce the size and 
the cost of the data driver. 

SUMMARY OF THE INVENTION 

The invention is directed to a data driver, in which the 
number ofused circuit elements capable of withstanding high 
Voltages is decreased, and the size of the data driver, the chip 
area and the cost can be reduced without increasing the power 
consumption of the system. 

According to a first aspect of the present invention, a data 
driver is provided. The data driver is for correspondingly 
driving a plurality of data lines of a display panel according to 
a plurality of pixel data. The pixel data include a first pixel 
datum and a second pixel datum. The data driver includes a 
first data processing circuit, a second data processing circuit 
and a multiplexercircuit. The first data processing circuit and 
the second data processing circuit process the pixel data. The 
first data processing circuit provides a positive pixel Voltage 
according to the first pixel datum. The second data processing 
circuit provides a negative pixel Voltage according to the 
second pixel datum. The multiplexercircuit includes a plu 
rality of multiplexer units. Each of the multiplexer units 
includes a first input terminal, a second input terminal, an 
output terminal, a first Switching device and a second Switch 
ing device. The first input terminal and the second input 
terminal respectively receive the positive pixel Voltage and 
the negative pixel Voltage. The output terminal is coupled to 
one of the data lines. The first switching device has a first 
switch, a second switch and a third switch. The first and 
second switches are serially coupled between the first input 
terminal and the output terminal. A first node between the first 
and second switches is selectively grounded via the third 
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2 
Switch. The second Switching device has a fourth Switch, a 
fifth switch and a sixth switch. The fourth and fifth switches 
are serially coupled between the second input terminal and 
the output terminal. A second node between the fourth and 
fifth switches is selectively grounded via the sixth switch. The 
sixth switch turns on when the first and second switches turn 
on, and the third switch turns on when the fourth and fifth 
Switches turn on. 

According to a second aspect of the present invention, a 
data driver is provided. The data driver is for correspondingly 
driving a plurality of data lines of a display panel according to 
a plurality of pixel data. The pixel data include a first pixel 
datum and a second pixel datum. The data driver includes a 
first data processing circuit, a second data processing circuit 
and a multiplexer circuit. The first data processing circuit 
provides a positive pixel voltage according to the first pixel 
datum. The second data processing circuit includes a level 
shifter, a digital-to-analog converter and an output buffer. The 
level shifter receives the second pixel datum having a Voltage 
level ranging between a ground level and a first positive level. 
adjusts the voltage level of the second pixel datum to a level 
ranging between a first negative level and the first positive 
level, then adjusts the voltage level of the second pixel datum 
to a level ranging between the first negative level and the 
ground level, and then adjusts the Voltage level of the second 
pixel datum to a level ranging between a second negative level 
and the ground level. The digital-to-analog converter converts 
the second pixel datum, outputted from the level shifter, into 
a negative pixel Voltage. The output buffer temporarily stores 
the negative pixel voltage. The multiplexercircuit outputs the 
positive pixel Voltage and the negative pixel Voltage to two of 
the data lines. An absolute value of the first negative level is 
Smaller than an absolute value of the second negative level. 

According to a third aspect of the present invention, a data 
driver is provided. The data driver is for correspondingly 
driving a plurality of data lines of a display panel according to 
a plurality of pixel data. The pixel data include a plurality of 
first pixel data and a plurality of second pixel data. The data 
driver includes a first data processing circuit, a second data 
processing circuit and a multiplexer circuit. The first data 
processing circuit provides a plurality of positive pixel Volt 
ages according to the first pixel data. The second data pro 
cessing circuit includes a front-stage level shifter, a shift 
register, a line buffer, a post-stage level shifter, a digital-to 
analog converter and an output buffer. The front-stage level 
shifter sequentially receives the second pixel data having 
corresponding Voltage levels ranging between a ground level 
and a first positive level, and adjusts the voltage levels of the 
second pixel data to Voltage levels ranging between a first 
negative level and the ground level. The shift register sequen 
tially receives the second pixel data, outputted from the front 
stage level shifter, and outputs the second pixel data in par 
allel. The line buffer temporarily stores the second pixel data 
outputted from the shift register. The post-stage level shifter 
adjusts the Voltage levels of the second pixel data, outputted 
from the line buffer, to voltage levels ranging between a 
second negative level and the ground level. The digital-to 
analog converter converts the second pixel data, outputted 
from the post-stage level shifter, into a plurality of negative 
pixel Voltages. The output buffer temporarily stores the nega 
tive pixel Voltages. The multiplexercircuit outputs the posi 
tive pixel Voltages and the negative pixel Voltages to the 
corresponding data lines. An absolute value of the first nega 
tive level is smaller than an absolute value of the second 
negative level. 
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The invention will become apparent from the following 
detailed description of the preferred but non-limiting embodi 
ments. The following description is made with reference to 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a data driver. 
FIG. 2A is a schematic illustration showing two multi 

plexer units 141 and 142 of a multiplexercircuit 140 accord 
ing to a first embodiment of the invention. 

FIG. 2B (Prior Art) is a schematic illustration showing two 
multiplexer units of a conventional multiplexercircuit. 

FIG. 3 is a circuit diagram showing an example of the 
multiplexer units 141 and 142 of FIG. 2A. 

FIG. 4 shows an example of waveforms of Switching sig 
nals used in the multiplexer units of FIG. 3. 

FIG. 5A is a block diagram showing a level shifter 121 
according to a second embodiment of the invention. 

FIG. 5B (Prior Art) is a block diagram showing a conven 
tional level shifter. 

FIG. 6 is a block diagram showing a data driver according 
to a third embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a block diagram showing a data driver 100. 
Referring to FIG. 1, the data driver 100 correspondingly 
drives a number of data lines DL1 to DL2m of a display panel 
according to a number of pixel data D1 to D2m. The pixel data 
D1 to D2m include first pixel data Dp1 to Dpm and second 
pixel data Dn1 to Dnm. The data driver 100 includes a first 
data processing circuit 110, a second data processing circuit 
120 and a multiplexercircuit 140. The first and second data 
processing circuits 110 and 120 process the pixel data D1 to 
D2m. The first data processing circuit 110 includes a level 
shifter 111, a digital-to-analog converter 112 and an output 
buffer 113. The second data processing circuit 120 includes a 
level shifter 121, a digital-to-analog converter 122 and an 
output buffer 123. The first and second data processing cir 
cuits 110 and 120 share a shift register 160 and a line buffer 
180. 
The shift register 160 sequentially receives the pixel data 

D1 to D2m, and outputs the pixel data D1 to D2m in parallel. 
The line buffer 180 receives the pixel data D1 to D2m out 
putted from the shift register 160, and respectively outputs the 
first pixel data Dp1 to Dpm (positive pixel data) and the 
second pixel data Dn1 to Dnm (negative pixel data) to the 
level shifters 111 and 121. 
The digital-to-analog converters 112 and 122 respectively 

convert the first and second pixel data Dp1 to Dpm and Dn1 
to Dnm, which are outputted from the level shifters 111 and 
121, into positive pixel voltages Vp1 to Vpm and negative 
pixel voltages Vn1 to Vnm. The output buffers 113 and 123 
temporarily store the positive pixel voltages Vp1 to Vpm and 
the negative pixel voltages Vn1 to Vnm. The multiplexer 
circuit 140 drives the data lines DL1 to DL2m according to the 
positive pixel voltages Vp1 to Vpm and the negative pixel 
voltages Vn1 to Vnm. Herein, each element included in the 
first data processing circuit 110 and the second data process 
ing circuit 120 only pertains to one of many examples, and 
does not intend to limit the invention. Any data processing 
circuit still falls within the scope of the invention as long as it 
can convert the first pixel data Dp1 to Dpm and the second 
pixel data Dn1 to Dnm into the positive pixel voltages Vp1 to 
Vpm and the negative pixel Voltages Vn1 to Vnm, respec 
tively. In the following embodiments, the first pixel datum Dp 
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4 
represents one of the first pixel data Dp1 to Dpm, and the 
second pixel datum Dnrepresents one of the second pixel data 
Dn1 to Dnm. 

In the embodiment of the invention, the circuit element 
capable of withstanding the high Voltage may be defined as 
the circuit element implemented by the process of 2.5 
microns, and the circuit element can withstand the Voltage 
smaller than 32 volts, for example. The circuit element 
capable of withstanding the medium Voltage may be defined 
as the circuit element implemented by the process of 0.6 
microns, and the circuit element can withstand the Voltage 
lower than 6 volts. In designing the data driver 100, the 
applicant(s) has/have found that the circuit element capable 
of withstanding the high Voltage has to be used because the 
highest level of the voltage that has to be withstood by the 
multiplexercircuit 140 and the level shifter 121 of FIG. 1 is 
equal to 12 volts (-6 to 6 volts). 

In one embodiment of the invention, the architecture of the 
multiplexercircuit 140 is improved to decrease the number of 
the used circuit elements capable of withstanding the high 
voltages. Furthermore, in another embodiment of the inven 
tion, the architecture of the level shifter 121 is improved to 
decrease the number of the used circuit elements capable of 
withstanding the high Voltages. Thus, the number of the used 
circuit elements capable of withstanding the high Voltages 
can be decreased in the data driver of the invention. In addi 
tion, the size of the data driver, the chip area and the cost can 
be reduced without increasing the power consumption of the 
system. The data drivers according to several embodiments of 
the invention will be described in the following. 

First Embodiment 

In this embodiment, the architecture of the multiplexer 
circuit 140 is improved in order to decrease the number of the 
used circuit elements capable of withstanding the high Volt 
ages. The multiplexer unit of this embodiment will be 
described in the following. 
The multiplexercircuit 140 includes m multiplexer units. 

FIG. 2A is a schematic illustration showing two multiplexer 
units 141 and 142 of the multiplexercircuit 140 according to 
a first embodiment of the invention. Referring to FIG. 2A, the 
multiplexer unit 141 includes a first input terminal I1, a sec 
ond input terminal I2, an output terminal O1, a first Switching 
device 141a and a second switching device 141b. The first 
input terminal I1 and the second input terminal I2 respec 
tively receive a positive pixel Voltage Vp and a negative pixel 
voltage Vn. The output terminal O1 is coupled to one of the 
data lines DL1 to DL2m, such as the data line DL1. 
The first switching device 141a has a switch SW1, a switch 

SW2 and a Switch SW3. The Switches SW1 and SW2 are 
serially coupled between the first input terminal I1 and the 
output terminal O1, and a node n1 between the switches SW1 
and SW2 is selectively grounded via the switch SW3. The 
second switching device 141b has a switch SW4, a switch 
SWS and a Switch SW6. The Switches SW4 and SWS are 
serially coupled between the second input terminal I2 and the 
output terminal O1, and a node n2 between the switches SW4 
and SW5 is selectively grounded via the switch SW6. 
When the switches SW1 and SW2 turn on, the Switch SW6 

turns on so that the node n2 between the Switches SW4 and 
SW5 is grounded via the switch SW6 and the maximum 
crossover voltage of the switch SW4 and the maximum cross 
over voltage of the switch SW5 are equal to one half of the 
maximum voltage difference between the second input ter 
minal I2 and the output terminal O1. When the switches SW4 
and SW5 turn on, the Switch SW3 turns on so that the node n1 
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between the switches SW1 and SW2 is grounded via the 
switch SW3 and the maximum crossover voltages of the 
switches SW1 and SW2 are equal to one half of the maximum 
voltage difference between the first input terminal I1 and the 
output terminal O1. 
The operations of the multiplexer unit of this embodiment 

and the conventional multiplexer unit will be compared with 
each other in the following. It is assumed that the level of the 
positive pixel voltage Vp ranges between 0 volts and 6 volts, 
and the level of the negative pixel voltage Vn ranges between 
-6 volts and 0 Volts. 

FIG. 2B (Prior Art) is a schematic illustration showing two 
multiplexer units of a conventional multiplexer circuit 140'. 
As shown in FIG. 2B, the output terminal O1 outputs the 
positive pixel voltage Vp when the switch SW1" turns on and 
the switch SW2' does not turn on in the conventional multi 
plexercircuit 140'. At this time, the crossover voltage between 
two terminals of the switch SW2 is equal to the voltage 
difference between the negative pixel voltage Vn (-6 to 0 
volts) of the input terminal I2 and the positive pixel voltage 
Vp (0 to 6 volts) of the output terminal O1. The voltage 
difference has a maximum equal to 12 volts. Thus, the switch 
SW2 used at this time must be the switch capable of with 
standing 12 volts. Similarly, when the output terminal O1 
outputs the negative pixel voltage Vn, the switch SW1" also 
withstands the crossover Voltage having the maximum of 12 
volts. Thus, the switches SW1' and SW2 are implemented by 
the circuit elements capable of withstanding high Voltages in 
the conventional multiplexercircuit 140". 
As shown in FIG. 2A, however, the output terminal O1 in 

the multiplexer circuit 140 of this embodiment outputs the 
positive pixel voltage Vp when the switches SW1 and SW2 
turn on and the switches SW4 and SW5 do not turn on. At this 
time, the switch SW6 turns on so that the node n2 is grounded. 
At this time, the maximum crossover Voltages of the Switches 
SW4 and SW5 are equal to one half of the maximum voltage 
difference between the second input terminal I2 and the out 
put terminal O1, that is, one half of the maximum Voltage 
difference (12 volts) between the positive pixel voltage Vp (0 
to 6 volts) and the negative pixel voltage Vn(-6 to 0 volts). At 
this time, the maximum crossover Voltage of each of the 
switches SW4 and SW5 is equal to 6 volts. Similarly, when 
the Switches SW1 and SW2 do not turn on and the switches 
SW4 and SW5 turn on, the output terminal O1 outputs the 
negative pixel voltage Vn. At this time, the switch SW3 turns 
on so that the maximum crossover Voltages of the Switches 
SW1 and SW2 are equal to 6 volts. Thus, the switches SW1, 
SW2, SW3 and SW4 may be implemented by the circuit 
elements capable of withstanding medium Voltages. 

Because the size of the circuit element relates to the aspect 
ratio (L/W), it is concluded that the size of one circuit element 
capable of withstanding the high Voltage is larger than sixteen 
times of the size of the circuit element capable of withstand 
ing the medium voltage. Consequently, the two switches SW1 
and SW2 capable of withstanding the medium voltages in the 
multiplexer unit 141 are used to replace one switch SW1" 
capable of withstanding the high Voltage in the conventional 
multiplexer unit 141', and the switch SW3 provides the 
grounded voltage. The total area of the switches SW1, SW2 
and SW3 is still smaller than the area of the Switch SW1" as a 
whole. Therefore, the multiplexercircuit of this embodiment 
does not need the circuit element capable of withstanding the 
high Voltage, so the size of the data driver using the multi 
plexer unit can be reduced. 

In FIG. 2A, the architecture of the multiplexer unit 142 is 
similar to that of the multiplexer unit 141, so detailed descrip 
tions thereof will be omitted. The first and second inputter 
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6 
minals of the multiplexer unit 142 are respectively coupled to 
the first and second input terminals I1 and I2 of the multi 
plexer unit 141, as shown in FIG. 2A. The operations between 
the multiplexer units 141 and 142 will be described in the 
following. When the output terminal O1 outputs the positive 
pixel Voltage Vp, the output terminal O2 outputs the negative 
pixel voltage Vn. When the output terminal O1 outputs the 
negative pixel Voltage Vn, the output terminal O2 outputs the 
positive pixel Voltage Vp. 

FIG. 3 is a circuit diagram showing an example of the 
multiplexer units 141 and 142 of FIG. 2A. In this example, 
each of the switches SW1, SW2, SW4 and SW5 is a trans 
mission gate (TG) and is implemented by a transistor capable 
of withstanding the medium Voltage. Furthermore, each of 
the switches SW7, SW8, SW10 and SW11 may also be a 
transmission gate implemented by a transistor capable of 
withstanding the medium Voltage. Each transmission gate 
includes a P-type metal-oxide semiconductor (PMOS) tran 
sistor and an N-type metal-oxide semiconductor (NMOS) 
transistor. The switches SW3 and SW6 are transistors. Fur 
thermore, the switches SW9 and SW12 may also be imple 
mented by transistors. FIG. 4 shows an example of wave 
forms of Switching signals used in the multiplexer units of 
FIG. 3. In this example, the Switching signals include a num 
ber of control signals S1 to S8, wherein the control signals 
S1B to S8B are inverse signals of the control signals S1 to S8, 
respectively. 

In addition, the multiplexercircuit 140 further includes a 
body Voltage Switching circuit BD for providing a negative 
body voltage to each PMOS transistor and providing a posi 
tive body Voltage to each NMOS transistor according to the 
switching signal. Thus, in the time interval tim of FIG. 4, the 
control signals S3 and S7 are preferably converted into the 
ground Voltages. Thus, it is possible to prevent a forward body 
bias from being generated when the transmission gate turns 
on or off so that the PMOS transistor and the NMOS transistor 
of the transmission gate can operate correctly. 
The detailed circuit diagram and the timing charts of vari 

ous signals shown in FIGS. 3 and 4 correspond to one 
example capable of implementing the multiplexercircuit of 
this invention, and do not intend to limit the invention. Thus, 
one of ordinary skill in the art may easily modify the tech 
nique disclosed herein so that the object of the multiplexer 
circuit of this embodiment may also be achieved. 

In this embodiment, the multiplexercircuit used in this data 
driver does not need the circuit element capable of withstand 
ing the high Voltage, so the size and the cost of the data driver 
can be reduced. 

Second Embodiment 

In this embodiment, the architecture of the level shifter 121 
of FIG. 1 is improved so that the number of the used circuit 
elements capable of withstanding the high Voltages can be 
decreased. The level shifter of this embodiment will be 
described in the following. 

FIG. 5A is a block diagram showing the level shifter 121 
according to a second embodiment of the invention. Referring 
to FIGS. 1 and 5A, the level shifter 121 includes a number of 
level shifting units, such as four level shifting units LS1 to 
LS4. The level shifting unit LS1 receives the second pixel 
datum Dn corresponding to a Voltage level ranging between a 
ground level GND and a first positive level PL1. The level 
shifting unit LS2 adjusts the voltage level of the second pixel 
datum Dn, outputted from the level shifting unit LS1, to a 
Voltage level ranging between a first negative level NL1 and 
the first positive level PL1. The level shifting unit LS3 adjusts 
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the voltage level of the second pixel datum Dn, outputted 
from the level shifting unit LS2, to a Voltage level ranging 
between the first negative level NL1 and the ground level 
GND. The level shifting unit LS4 adjusts the voltage level of 
the second pixel datum Dn, outputted from the level shifting 
unit LS3, to a Voltage level ranging between a second negative 
level NL2 and the ground level GND. Then, the digital-to 
analog converter 122 of FIG. 1 converts the second pixel 
datum Dn, outputted from the level shifting unit LS4, into the 
negative pixel voltage Vn. 

In this embodiment, the absolute value of the first negative 
level NL1 is smaller than the absolute value of the second 
negative level NL2. Preferably, the absolute value of the first 
positive level PL1 is substantially equal to the absolute value 
of the first negative level NL1. The first positive level PL1 is 
a low voltage level, the first negative level NL1 is another low 
voltage level, and the second negative level NL2 is a medium 
voltage level. For example, the first positive level PL1 is 
substantially equal to 1.8 volts, the first negative level NL1 is 
Substantially equal to -1.8 volts, and the second negative level 
NL2 is substantially equal to -6 volts. 

Using the level shifter 121 of this embodiment can reduce 
the size of the data driver. The reasons will be stated herein 
below. 

FIG. 5B (Prior Art) is a block diagram showing a conven 
tional level shifter. As shown in FIG. 5B, because the circuit 
element capable of withstanding the high Voltage has to be 
used in the data driver using the conventional level shifter 
121", the data driver has the larger size. The conventional level 
shifter 121' includes four level shifting units A to D. In the 
level shifting unit C, the second pixel datum Dn outputted 
from the level shifting unit B is adjusted to the level ranging 
between -6 volts and 6 volts. That is, the difference between 
the voltage levels to be withstood by the level shifting unit C 
is equal to 12 volts, which has exceeded the range of the 
circuit element capable of withstanding the medium Voltage 
(6 volts). So, the circuit element capable of withstanding the 
high voltage has to be used in the level shifting unit C. 
As shown in FIG.5A, the crossover voltages, which can be 

withstood by the elements of the four level shifting units LS1 
to LS4 in the level shifter 121 of this embodiment, do not 
exceed 6 volts, so it is unnecessary to use the circuit element 
capable of withstanding the high Voltage. That is, the highest 
voltage of the crossover voltages withstood by the elements of 
the level shifting units LS1 and LS3 is equal to 1.8 volts, so the 
level shifting units LS1 and LS3 may be implemented by 
circuit elements capable of withstanding the low Voltages. 
Because the highest Voltages of the crossover Voltages with 
stood by the elements of the level shifting units LS2 and LS4 
are respectively equal to 3.6 volts (-1.8 to 1.8 volts) and 6 
volts (-6 to 0 volts), the level shifting units LS2 and LS4 may 
be implemented by circuit elements capable of withstanding 
the medium Voltages. 

The size of one circuit element capable of withstanding the 
high Voltage is larger than sixteen times of the size of the 
circuit element capable of withstanding the medium Voltage. 
Compared with the conventional level shifter, the circuit ele 
ment capable of withstanding the high Voltage needs not to be 
used in the level shifter of this embodiment. Thus, the circuit 
element capable of withstanding the high Voltage needs not to 
be used in the data driver using the level shifter of this 
embodiment, so the size and the cost of the data driver can be 
decreased. 

Third Embodiment 

FIG. 6 is a block diagram showing a data driver 600 accord 
ing to a third embodiment of the invention. As shown in FIG. 
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8 
6, the data driver 600 correspondingly drives a number of data 
lines of one display panel according to a number of pixel data. 
The pixel data include multiple first pixel data Dp1 to Dpm 
(positive pixel data) and multiple second pixel data Dn1 to 
Dnm (negative pixel data). The data driver 600 includes a first 
data processing circuit 610, a second data processing circuit 
620 and a multiplexer circuit 640. The first data processing 
circuit 610 includes a shift register 612, a line buffer 613, a 
level shifter 614, a digital-to-analog converter 615 and an 
output buffer 616. The first data processing circuit 610 pro 
vides multiple positive pixel Voltages Vp1 to Vpm according 
to the first pixel data Dp1 to Dpm. 
The second data processing circuit 620 includes a front 

stage level shifter 621, a shift register 622, a line buffer 623, 
a post-stage level shifter 624, a digital-to-analog converter 
625 and an output buffer 626. The elements and operations of 
the second data processing circuit 620 will be described in the 
following. 
The front-stage level shifter 621 sequentially receives the 

second pixel data Dn1 to Dnm. For example, the front-stage 
level shifter 621 receives k set of data each time, wherein 
k<m. The Voltage levels corresponding to the second pixel 
data Dn1 to Dnm range between the ground level GND and 
the first positive level PL1. The front-stage level shifter 621 
adjusts the voltage levels of the second pixel data Dn1 to Dnm 
to the Voltage levels ranging between the first negative level 
NL1 and the ground level GND. The front-stage level shifter 
621 includes the three level shifting units LS1 to LS3 of FIG. 
5A, and the operations thereof will be omitted herein. 
The shift register 622 sequentially receives the second 

pixel data Dn1 to Dnm outputted from the front-stage level 
shifter 621 and outputs the second pixel data Dn1 to Dnm in 
parallel. For example, the shift register 622 receives k sets of 
data each time, and outputs m sets of data together after them 
sets of data are received, wherein km. The line buffer 623 
temporarily stores the second pixel data Dn1 to Dnm output 
ted from the shift register 622. 
The post-stage level shifter 624 adjusts the voltage levels of 

the second pixel data Dn1 to Dnm, outputted from the line 
buffer 623, to the voltage level ranging between the second 
negative level NL2 and the ground level GND. The post-stage 
level shifter 624 includes the level shifting unit LS4 of FIG. 
5A. The digital-to-analog converter 625 converts the second 
pixel data Dn1 to Dnm, outputted from the post-stage level 
shifter 624, into multiple negative pixel voltages Vn1 to Vnm. 
The output buffer 626 temporarily stores the negative pixel 
voltages Vn1 to Vnm. The multiplexercircuit 640 outputs the 
positive pixel voltages Vp1 to Vpm and the negative pixel 
voltages Vn1 to Vnm to the corresponding data lines DL1 to 
DL2n. 

In this embodiment, the absolute value of the first negative 
level NL1 is smaller than the absolute value of the second 
negative level NL2. Preferably, the absolute value of the first 
positive level PL1 is substantially equal to the absolute value 
of the first negative level NL1. The first positive level PL1 is 
a low voltage level, the first negative level NL1 is another low 
voltage level, and the second negative level NL2 is a medium 
voltage level. For example, the first positive level PL1 is 
substantially equal to 1.8 volts, the first negative level NL1 is 
Substantially equal to -1.8 volts and the second negative level 
NL2 is substantially equal to -6 volts. Similar to the second 
embodiment, the highest Voltages of the Voltages withstood 
by the elements of the front-stage and post-stage level shifters 
621 and 624 are respectively equal to 3.6 volts (-1.8 to 1.8 
volts) and 6 volts (-6 to 0 volts). Thus, the level shifter needs 
not to be implemented using the circuit element capable of 
withstanding the high Voltage. 
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Compared with the second embodiment, this embodiment 
can further reduce the size of the data driver according to the 
reasons stated hereinbelow. It is assumed that the second pixel 
data Dn1 to Dnm are 512 sets of data (m=512), and each set 
of the level shifting units LS1 to LS3 can receive 8 sets of data 
(k=8). In the second embodiment, the level shifting units LS1 
to LS3 of FIG. 5A receive the data in parallel, so 64 (512/ 
8-64) sets of level shifting units LS1 to LS3 have to be used 
in the level shifter 121 to adjust the voltage levels correspond 
ing to 512 sets of second pixel data in parallel. 

In this embodiment, one set of level shifting units LS1 to 
LS3 serves as the front-stage level shifter 621 and is disposed 
in front of the shift register. The front-stage level shifter 621 
sequentially receives 8 sets of data and thus serially adjusts 
the Voltage levels corresponding to 512 sets of second pixel 
data. Thus, only one set of level shifting units LS1 to LS3 has 
to be used in this embodiment so that the size of the data driver 
using the level shifter can be reduced. 

In addition, the voltage levels of the second pixel data 
outputted from the front-stage level shifter 621 range between 
the first negative level NL1 and the ground level GND in this 
embodiment. So, the voltage levels used by the circuit ele 
ments of the shift register 622 and the line buffer 623 also 
range between the first negative level NL1 and the ground 
level GND. In FIG. 6, the voltage levels used by the circuit 
elements of the shift register 622 and the line buffer 623 range 
between the first positive level PL1 and the ground level 
GND. In practice, the absolute values of the first positive level 
PL1 and the first negative level NL1 are substantially equal to 
each other. So, the data driver of this embodiment may not 
increase the power consumption of the system. 

In the data driver according to the first embodiment of the 
invention, the circuit element capable of withstanding the 
high Voltage needs not to be used in the multiplexercircuit, so 
the number of the circuit elements capable of withstanding 
the high Voltages can be decreased and the size of the multi 
plexercircuit can be reduced so that the size of the data driver 
can be reduced. Furthermore, in the second embodiment, the 
circuit element capable of withstanding the high Voltage 
needs not to be used in the level shift circuit. So, the number 
of the high-voltage circuit elements also can be decreased and 
the size of the level shift circuit can be reduced so that the size 
of the data driver can be reduced. In addition, the level shifter 
according to the third embodiment of the invention can seri 
ally adjust the levels of the data. So, the size and the cost of the 
data driver can be reduced more effectively without increas 
ing the power consumption of the system. 

While the invention has been described by way of 
examples and in terms of preferred embodiments, it is to be 
understood that the invention is not limited thereto. On the 
contrary, it is intended to cover various modifications and 
similar arrangements and procedures, and the scope of the 
appended claims therefore should be accorded the broadest 
interpretation so as to encompass all such modifications and 
similar arrangements and procedures. 
What is claimed is: 
1. A data driver for correspondingly driving a plurality of 

data lines of a display panel according to a plurality of pixel 
data, the pixel data comprising a plurality of first pixel data 
and a plurality of second pixel data, the data driver compris 
1ng: 

a first data processing circuit for providing a plurality of 
positive pixel Voltages according to the first pixel data; 

a second data processing circuit, which comprises: 
a front-stage level shifter for sequentially receiving the 

second pixel data having corresponding Voltage levels 
ranging between a ground level and a first positive 
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10 
level, and for adjusting the Voltage levels of the sec 
ond pixel data to Voltage levels ranging between a first 
negative level and the ground level; 

a shift register for sequentially receiving the second 
pixel data outputted from the front-stage level shifter 
and outputting the second pixel data in parallel; 

a line buffer for temporarily storing the second pixel data 
outputted from the shift register; 

a post-stage level shifter for adjusting the Voltage levels 
of the second pixel data, outputted from the line 
buffer, to Voltage levels ranging between a second 
negative level and the ground level; 

a digital-to-analog converter for converting the second 
pixel data, outputted from the post-stage level shifter, 
into a plurality of negative pixel Voltages; and 

an output buffer for temporarily storing the negative 
pixel Voltages; and 

a multiplexercircuit for outputting the positive pixel volt 
ages and the negative pixel Voltages to the corresponding 
data lines, 

wherein an absolute value of the first negative level is 
Smaller than an absolute value of the second negative 
level, and a magnitude of the first positive level is sub 
stantially equal to or Smaller than 1.8 volts, a magnitude 
of the first negative level is substantially equal to or 
Smaller than 1.8 volts, and a magnitude of the second 
negative level is Substantially equal to or Smaller than 6 
volts. 

2. The data driver according to claim 1, wherein an absolute 
value of the first positive level is substantially equal to the 
absolute value of the first negative level. 

3. The data driver according to claim 1, wherein the front 
stage level shifter comprises: 

a first level shifting unit for sequentially receiving the 
second pixel data, wherein the Voltage levels corre 
sponding to the second pixel data range between the 
ground level and the first positive level; 

a second level shifting unit for adjusting the Voltage levels 
of the second pixel data, outputted from the first level 
shifting unit, to Voltage levels ranging between the first 
negative level and the first positive level; and 

a third level shifting unit for adjusting the voltage levels of 
the second pixel data, outputted from the second level 
shifting unit, to the Voltage levels ranging between the 
first negative level and the ground level. 

4. The data driver according to claim 3, wherein the first 
level shifting unit is implemented by a circuit element capable 
of withstanding a low Voltage, and the second and third level 
shifting units and the post-stage level shifter are implemented 
by circuit elements capable of withstanding medium Volt 
ageS. 

5. The data driver according to claim 1, wherein the first 
positive level is substantially equal to 1.8 volts, the first nega 
tive level is substantially equal to -1.8 volts, and the second 
negative level is Substantially equal to -6 volts. 

6. A data driver for correspondingly driving a plurality of 
data lines of a display panel according to a plurality of pixel 
data, the pixel data comprising a plurality of first pixel data 
and a plurality of second pixel data, the data driver compris 
1ng: 

a first data processing circuit for providing a plurality of 
positive pixel Voltages according to the first pixel data; 
wherein the first data processing circuit comprises: 
a shift register for sequentially receiving the first pixel 

data having corresponding Voltage levels ranging 
between a ground level and a first positive level; 
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a line buffer for temporarily storing the first pixel data 
outputted from the shift register; 

a level shifter for adjusting the voltage levels of the first 
pixel data, outputted from the line buffer, to voltage 
levels ranging between a second positive level and the 
ground level; 

a digital-to-analog converter for converting the first 
pixel data, outputted from the level shifter, into a 
plurality of positive pixel Voltages; and 

an output buffer for temporarily storing the positive pixel 
Voltages; 

a second data processing circuit, which comprises: 
a front-stage level shifter for sequentially receiving the 

second pixel data having corresponding Voltage levels 
ranging between the ground leveland the first positive 
level, and for adjusting the Voltage levels of the sec 
ond pixel data to Voltage levels ranging between a first 
negative level and the ground level; 

a shift register for sequentially receiving the second 
pixel data outputted from the front-stage level shifter 
and outputting the second pixel data in parallel; 

a line buffer for temporarily storing the second pixel data 
outputted from the shift register; 

a post-stage level shifter for adjusting the Voltage levels 
of the second pixel data, outputted from the line 
buffer, to Voltage levels ranging between a second 
negative level and the ground level; 

a digital-to-analog converter for converting the second 
pixel data, outputted from the post-stage level shifter, 
into a plurality of negative pixel Voltages; and 

an output buffer for temporarily storing the negative 
pixel Voltages; and 

a multiplexer circuit for outputting the positive pixel 
Voltages and the negative pixel Voltages to the corre 
sponding data lines, wherein an absolute value of the 
first negative level is smaller than an absolute value of 
the second negative level. 

7. The data driver according to claim 6, wherein an absolute 
value of the first positive level is substantially equal to the 
absolute value of the first negative level. 

8. The data driver according to claim 6, wherein the front 
stage level shifter comprises: 

a first level shifting unit for sequentially receiving the 
second pixel data, wherein the Voltage levels corre 
sponding to the second pixel data range between the 
ground level and the first positive level; 

a second level shifting unit for adjusting the Voltage levels 
of the second pixel data, outputted from the first level 
shifting unit, to Voltage levels ranging between the first 
negative level and the first positive level; and 

a third level shifting unit for adjusting the voltage levels of 
the second pixel data, outputted from the second level 
shifting unit, to the Voltage levels ranging between the 
first negative level and the ground level. 

9. The data driver according to claim 8, wherein the first 
level shifting unit is implemented by a circuit element capable 
of withstanding a low Voltage, and the second and third level 
shifting units and the post-stage level shifter are implemented 
by circuit elements capable of withstanding medium Volt 
ageS. 

10. The data driver according to claim 6, wherein the first 
positive level is a low voltage level, the first negative level is 
another low Voltage level, and the second negative level is a 
medium Voltage level. 

11. The data driver according to claim 6, wherein the first 
positive level is substantially equal to 1.8 volts, the first nega 
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12 
tive level is substantially equal to -1.8 volts, and the second 
negative level is Substantially equal to -6 volts. 

12. A data driver for correspondingly driving a plurality of 
data lines of a display panel according to a plurality of pixel 
data, the pixel data comprising a plurality of first pixel data 
and a plurality of second pixel data, the data driver compris 
1ng: 

a first data processing circuit for providing a plurality of 
positive pixel Voltages according to the first pixel data; 

a second data processing circuit, which comprises: 
a front-stage level shifter for sequentially receiving the 

second pixel data having corresponding Voltage levels 
ranging between a ground level and a first positive level, 
and for adjusting the Voltage levels of the second pixel 
data to Voltage levels ranging between a first negative 
level and the ground level; 

a shift register for sequentially receiving the second pixel 
data outputted from the front-stage level shifter and out 
putting the second pixel data in parallel; 

a line buffer for temporarily storing the second pixel data 
outputted from the shift register, wherein each of the 
shift register and the line buffer is implemented by a low 
Voltage circuit capable of withstanding a low Voltage 
equal to or lower than 1.8V and unable to withstand 
Voltages higher than the low Voltage; 

a post-stage level shifter for adjusting the Voltage levels of 
the second pixel data, outputted from the line buffer, to 
Voltage levels ranging between a second negative level 
and the ground level; 

a digital-to-analog converter for converting the second 
pixel data, outputted from the post-stage level shifter, 
into a plurality of negative pixel Voltages; and 

an output buffer for temporarily storing the negative pixel 
Voltages; and 

a multiplexercircuit for outputting the positive pixel volt 
ages and the negative pixel Voltages to the corresponding 
data lines, 

wherein an absolute value of the first negative level is 
Smaller than an absolute value of the second negative 
level. 

13. A data driver for correspondingly driving a plurality of 
data lines of a display panel according to a plurality of pixel 
data, the pixel data comprising a plurality of first pixel data 
and a plurality of second pixel data, the data driver compris 
1ng: 

a first data processing circuit for providing a plurality of 
positive pixel Voltages according to the first pixel data; 

a second data processing circuit, which comprises: 
a front-stage level shifter for sequentially receiving the 

second pixel data having corresponding Voltage levels 
ranging between a ground level and a first positive level, 
and for adjusting the Voltage levels of the second pixel 
data to Voltage levels ranging between a first negative 
level and the ground level without inverting the level of 
the voltage levels of the second pixel data, wherein the 
front-stage level shifter comprises: 

a first level shifting unit for sequentially receiving the 
second pixel data, wherein the Voltage levels corre 
sponding to the second pixel data range between the 
ground level and the first positive level, wherein the first 
level shifting unit is implemented by a low Voltage cir 
cuit capable of withstanding a low Voltage; 

a second level shifting unit for adjusting the Voltage levels 
of the second pixel data, outputted from the first level 
shifting unit, to Voltage levels ranging between the first 
negative level and the first positive level; and 
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a third level shifting unit for adjusting the voltage levels of 
the second pixel data, outputted from the second level 
shifting unit, to the Voltage levels ranging between the 
first negative level and the ground level; 

a shift register for sequentially receiving the second pixel 
data outputted from the front-stage level shifter and out 
putting the second pixel data in parallel: 

a line buffer for temporarily storing the second pixel data 
outputted from the shift register; 

a post-stage level shifter for adjusting the voltage levels of 
the second pixel data, outputted from the line buffer, to 
Voltage levels ranging between a second negative level 
and the ground level; 

a digital-to-analog converter for converting the second 
pixel data, outputted from the post-stage level shifter, 
into a plurality of negative pixel voltages; and 

an output buffer for temporarily storing the negative pixel 
Voltages; and 

a multiplexercircuit for outputting the positive pixel volt 
ages and the negative pixel voltages to the corresponding 
data lines, 

wherein an absolute value of the first negative level is 
Smaller than an absolute value of the second negative 
level. 

14. The data driver according to claim 13, wherein the 
second and third level shifting units and the post-stage level 
shifter are implemented by circuit elements capable of with 
Standing medium Voltages. 

15. The data driver according to claim 13, wherein the low 
Voltage is equal to or lower than 1.8V. 

16. A data driver for correspondingly driving a plurality of 
data lines of a display panel according to a plurality of pixel 
data, the pixel data comprising a plurality of first pixel data 
and a plurality of second pixel data, the data driver compris 
ing: 

a first data processing circuit for providing a plurality of 
positive pixel Voltages according to the first pixel data; 

a second data processing circuit, which comprises: 
a front-stage level shifter for sequentially receiving the 

second pixel data having corresponding voltage levels 
ranging between a ground level and a first positive level, 
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and for adjusting the Voltage levels of the second pixel 
data to Voltage levels ranging between a first negative 
level and the ground level, wherein the front-stage level 
shifter comprises: 

a first level shifting unit for sequentially receiving the 
second pixel data, wherein the voltage levels corre 
sponding to the second pixel data range between the 
ground level and the first positive level, wherein the first 
level shifting unit is implemented by a low voltage cir 
cuit capable of withstanding a low voltage equal to or 
lower than 1.8V and unable to withstand voltages higher 
than the low voltage; 

a second level shifting unit for adjusting the voltage levels 
of the second pixel data, outputted from the first level 
shifting unit, to voltage levels ranging between the first 
negative level and the first positive level; and 

a third level shifting unit for adjusting the voltage levels of 
the second pixel data, outputted from the second level 
shifting unit, to the Voltage levels ranging between the 
first negative level and the ground level; 

a shift register for sequentially receiving the second pixel 
data outputted from the front-stage level shifter and out 
putting the second pixel data in parallel: 

a line buffer for temporarily storing the second pixel data 
outputted from the shift register; 

a post-stage level shifter for adjusting the voltage levels of 
the second pixel data, outputted from the line buffer, to 
Voltage levels ranging between a second negative level 
and the ground level; 

a digital-to-analog converter for converting the second 
pixel data, outputted from the post-stage level shifter, 
into a plurality of negative pixel voltages; and 

an output buffer for temporarily storing the negative pixel 
Voltages; and 

a multiplexercircuit for outputting the positive pixel volt 
ages and the negative pixel voltages to the corresponding 
data lines, 

wherein an absolute value of the first negative level is smaller 
than an absolute value of the second negative level. 


